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ABSTRACT 
Transplanted sect ions o f  t h e  seagrass Thalassia testudinum were used as a 
bioassay t o  assess between-habitat d i f f e rences  i n  herb ivory  on t h r e e  Caribbean 
reefs. 
slopes was s i g n i f i c a n t l y  h igher  than on deep (30-40 m) r e e f  s lopes or on shal low 
ree f  f l a t s .  Seaweeds t y p i c a l  o f  r e e f  f l a t  hab i ta t s  were r a p i d l y  consumed when 
placed on shal low r e e f  slopes. 
slopes were r e l a t i v e l y  r e s i s t a n t  t o  he rb i vo ry  and a h i g h  p ropor t i on  o f  these 
species a r e  known t o  con ta in  secondary chemical compounds t h a t  appear t o  de te r  
herbivorous f ishes. 
s p a t i a l  escape f r a n  major r e e f  herbivores;  a lgae c h a r a c t e r i s t i c  o f  these hab i ta t s  
have evolved few, i f  any, c h a r a c t e r i s t i c s  t h a t  s i g n i f i c a n t l y  reduce losses t o  
he r b i  v o ry  . 
Consumption o f  Tha lass ia  by herbivorous f i s h e s  on shal low (1-10 m) ree f  
Seaweeds t y p i c a l  o f  e i t h e r  deep or shal low r e e f  
Shal low r e e f  f l a t s  provide seaweeds w i t h  a p red ic tab le  
INTRODUCTION 
Although herb ivory  p lays a major r o l e  i n  determining t h e  d i s t r i b u t i o n  and 
abundance o f  seaweeds on cora l  r e e f s  (Stephenson and Searles 1960; Randal l  
1961, 1965; Ogden e t  al. 1973; Hay 1981a, b; Luchenco and Gaines 1981; Hay e t  
- al. 1983), few s t u n e r h a v e  addressed s p a t i a l  v a r i a t i o n s  i n  he rb i vo ry  o r  t h e  
r e l a t i v e  s u s c e p t i b i l i t y  t o  he rb i vo ry  o f  seaweeds from d i f f e r e n t  hab i ta ts .  
Recent i n v e s t i g a t i o n s  have focused on between- and w i t h i n - h a b i t a t  v a r i a t i o n s  i n  
herb ivory  on i n d i v i d u a l  r e e f s  (Hay 1981a, b; Hay gal. 1983) and on changes i n  
herb ivory  t h a t  occur over depth grad ien ts  on several ree fs  sca t te red  throughout 
t h e  Caribbean (Hay 1984). 
I n  t h i s  study we use t ransp lan ted  sec t ions  o f  t he  seagrass Thalass ia 
testudinum as a bioassay f o r  he rb i vo re  a c t i v i t y  i n  d i f f e r e n t  h a b i r r e e f  
f l a t s ,  sha l low (1-10 m) r e e f  slopes, and deep (30-40 m) r e e f  slopes] on 3 
Caribbean reefs.  We a l so  t r a n s p l a n t  seaweeds from each o f  these h a b i t a t s  
i n t o  areas w i t h  h igh  herb ivore  a c t i v i t y  i n  order  t o  assess t h e i r  r e l a t i v e  
s u s c e p t i b i l i t y  t o  herb ivory.  
METHODS 
Thalass ia was chosen as t h e  bioassay organism because i t  i s  eaten i n  t h e  
f i e l d  by bo th  herbivorous f i s h e s  and u rch ins  (Randall 1965, Ogden e t  a l .  1973, 
Ogden 1976) and i t  i s  r e a d i l y  a v a i l a b l e  on most reefs. 
sec t ions  o f  Thalassia were fastened i n  wooden clothespins;  t h e  l a t t e r  were 
at tached t o  small co ra l  fragments and d i s t r i b u t e d  haphazardly w i t h i n  t h e  h a b i t a t s  
where he rb i vo ry  was t o  be measured. 
separated by a d is tance o f  1-3 m when p laced i n  t h e  f i e l d .  
F resh ly  c o l T e x e d  
A l l  Thalassia sec t ions  were 5 cm long and 
A t  t h e  end of each 
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bioassay, removal o f  Thalassia was quan t i f i ed  by measuring the  remaining length  
o f  each blade t o  t h e  nearest .5 cm. Dur ing a l l  tests ,  t h e  c lo thesp in  and co ra l  
apparatus was pos i t ioned so t h a t  i t  would be equa l ly  approachable by bo th  f i shes  
and urchins.  
uncmmon and almost a l l  Thalass ia removal was due t o  grazing by f i shes  (Hay 
1984). 
Removal o f  Thalassia on r e e f  s lopes va r ies  w i t h  depth; p o r t i o n s  o f  t h i s  
p a t t e r n  have been ex tens ive ly  analyzed elsewhere (Hay e t  a l .  1983, Hay 1984). 
I n  t h i s  paper we compare herb ivory  on (1) r e e f  f l a t s  t h a t a r e  exposed a t  lowest 
t i des ,  (2) shal low (1-10 m) po r t i ons  o f  r e e f  slopes, and (3) deeper (30-40 m) 
po r t i ons  o f  r e e f  slopes. 
Seaweeds from each o f  these h a b i t a t s  were exposed t o  herbivorous r e e f  
f i shes  by p lac ing  small (3-4 cm long)  pieces o f  each seaweed i n  a 3-stranded 
rope t h a t  was fastened t o  t h e  r e e f  s lope a t  a depth o f  1-5 m. Ten t o  37 
i n d i v i d u a l s  o f  each t e s t  species were used a t  each l o c a t i o n  ( f o r  a d e s c r i p t i o n  
of each s i t e ,  see Hay 1984). Seaweeds w i t h i n  a l eng th  o f  rope were separated 
from one another by a d is tance o f  about 7 an. Thus, when an herb ivore  encountered 
a rope, a l l  species o f  seaweed should have been equa l l y  apparent and ava i lab le .  
A t  t h e  end o f  an experiment, each species on each rope was recorded as e i t h e r  
s t i l l  p resent  or t o t a l l y  eaten. 
completely calm cond i t ions  and were shaken t o  be sure t h a t  a l l  i n d i v i d u a l s  were 
secure ly  attached. On t h e  r e e f  a t  Becerro, Honduras, where t h e  feeding t r i a l  
was o f  s h o r t  du ra t i on  (1.75 h), we were ab le  t o  d i r e c t l y  observe t h e  ropes f o r  
most of t h e  t e s t  period; no i n d i v i d u a l s  were l o s t  t o  any source o the r  than 
herbivory. For t h e  feeding t r i a l s  o f  longer  du ra t i on  (19-24 h), we cannot 
abso lu te l y  r u l e  out  t h e  p o s s i b i l i t y  t h a t  some i n d i v i d u a l s  were l o s t  t o  breakage. 
However, t h e  magnitude o f  such l o s s  would have t o  be very small g iven t h e  calm 
cond i t ions  and our i n a b i l i t y  t o  observe breakage dur ing  any o f  t h e  observat ion 
periods. 
Assignment o f  seaweeds as c h a r a c t e r i s t i c  o f  r e e f  f l a t ,  shal low r e e f  slope, 
o r  deep r e e f  slope hab i ta t s  was based on q u a l i t a t i v e  observat ions a t  each study 
s i t e .  For  example, species t h a t  were cmmon between 30 and 40 m deep and 
present b u t  r a r e  a t  10 m deep were l i s t e d  as c h a r a c t e r i s t i c  o f  t h e  deep r e e f  
sl ope. 
However, on most sect ions o f  these reefs,  urch ins are  r e l a t i v e l y  
Ropes were on ly  placed i n  t h e  f i e l d  under 
RESULTS 
Consumption ra tes  f o r  sect ions o f  Thalass ia placed on shal low r e e f  slopes 
were s i g n i f i c a n t l y  h igher  than consumption ra tes  on e i t h e r  r e e f  f l a t s  or deeper 
sec t ions  o f  r e e f  slopes (p<.05, ANOVA and Student Newman-Keuls Test )  ( f i g .  1). 
A deep r e e f  s lope comparison cou ld  no t  be done a t  Becerro, Honduras, s ince  t h e  
r e e f  s lope extended t o  a depth o f  on l y  9 in. On a l l  3 reefs,  a l l  dayt ime removal 
o f  Thalass ia was a t t r i b u t a b l e  t o  f ishes,  as evidenced by t h e i r  crescent  shaped 
feeding scars (see Hay -- e t  a l . 1983, Hay 1984). 
were made, removal o f  Thalassia on t h e  deep r e e f  s lope was s i g n i f i c a n t l y  h igher  
than removal on t h e  r e m ( f i g .  1). 
was small when compared t o  d i f f e rences  between t h e  shallow r e e f  s lope and 
e i t h e r  o f  t h e  o ther  habi ta ts .  
M e n  seaweeds were t ransp lan ted  onto shal low r e e f  slopes, those from r e e f  
f l a t s  were consumed r a p i d l y  wh i l e  those from e i t h e r  deep o r  shal low r e e f  slopes 
were consumed s lowly  i f  a t  a l l  ( f i g .  2). The one except ion t o  t h i s  p a t t e r n  was 
Padina sp. a t  Becerro, Honduras ( f i g .  2C). Th is  r e e f  f l a t  species was not  
eaten when placed on the  shal low r e e f  slope, a l though Padina sanctae-crucis was 
r a p i d l y  consumed a t  C a r r i e  Bow and Lighthouse ree fs  ( f i gs .  2A, 28). 
On t h e  two ree fs  where comparisons 






























B EC E R A 0  
HONDURAS 
F ig .  1. The mean % o f  Tha lass ia  eaten 
i n  d i f f e r e n t  h a b i t a t s  on t h e  3 s tudy 
reefs .  V e r t i c a l  l i n e s  r e p r e s e n t  + 2 
s tandard e r r o r s .  Numbers i n  parenthe- 
ses = N. A t  each r e e f ,  a l l  d i f f e r e n c e s  
a r e  s i g n i f i c a n t  ( p  < .05, ANOVA and 
Newman-Keuls T e s t ) .  
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F i g .  2. Percentage of  i n d i v i d u a l s  eaten 
when p laced on t h e  sha l low r e e f  s lope.  
For  C a r r i e  Bow, numbers i n  parentheses = 
N .  S i g n i f i c a n t  d i f f e r e n c e s  ( p  < .05) were 
eva lua ted  u s i n g  Contingency Table A n a l y s i s  
o r  F i s h e r s  Exact  T e s t  ( i f  c e l l  s i z e s  were 
smal l  ) . 
S u s c e p t i b i l i t y  t o  h e r b i v o r y  o f  seaweeds from t h e  sha l low versus t h e  deep 
r e e f  s lopes showed no c o n s i s t e n t  pa t te rn .  A t  C a r r i e  Bow ( f i g .  2A), t h e r e  were 
no s i g n i f i c a n t  d i f f e r e n c e s  between seaweeds from deep and sha l low areas o f  t h e  
r e e f  s lope ( p  < .05, F i s h e r s  Exact Test) .  A t  L igh thouse ( f i g .  2B), t h e r e  were 
some d i f f e r e n c e s  between species but  these revealed no c o n s i s t e n t  between- 
h a b i t a t  pa t te rns .  
For  a g iven  a l g a l  species,  s u s c e p t i b i l i t y  t o  h e r b i v o r y  showed s i m i l a r  
p a t t e r n s  on d i f f e r e n t  r e e f s  ( f i g .  2 ) .  
exceptions. 
c r u c i s  were consumed r a p i d l y  on each r e e f  where t h e y  were tes ted .  
m d a  and Rhipocephalus were c o n s i s t e n t l y  r e s i s t a n t  t o  h e r b i v o r y ,  as was 
Stypopodium zonale. 
Sargassum o l y c e r a t i u m  f rom t h e  r e e f  f l a t  on L ighthouse was v e r y  s u s c e p t i b l e  t o  
h e r b i v o r y  b-.p o l y c e r a t i u r n  from t h e  deep r e e f  s lope on C a r r i e  Bow was 
very r e s i s t a n t  ( f i g .  2A). 
There were, however, a few i n t e r e s t i n g  
Acanthophora s p e c i f e r a ,  Laurencia p a p i l l o s a ,  and Padina sanctae- 
Species o f  
T u r b i n a r i a  t r i c o s t a t a  was o f  i n t e r m e d i a t e  preference. 
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DISCUSSION 
On t h e  scale used i n  t h i s  study, between-habitat d i f f e rences  i n  herb ivory  
are shown t o  be cons is ten t  on 3 d i f f e r e n t  ree fs  ( f i g .  1). Rates o f  macrophyte 
removal on r e e f  f l a t s  o r  on deep reef slopes are  s i g n i f i c a n t l y  reduced r e l a t i v e  
t o  removal r a t e s  on shal low reef slopes. 
here, shal low r e e f  f l a t s  a l so  have been shown t o  func t i on  as s p a t i a l  escapes 
from herb ivory  i n  t h e  V i r g i n  I s lands  (Adey and Vassar 1975, Steneck and Adey 
1976), t h e  Nether lands A n t i l l e s  (van den Hoek -- e t  a l .  1978), and Panama (Hay 
1981c, Hay e t  a l .  1983). Decreased herb ivory on deep r e e f  slopes has been 
h y p o t h e s i z e T t F p r o v i d e  an explanat ion fo r  t h e  increased a l g a l  abundance t h a t  
occurs a t  depth on some reefs (van den Hoek -- e t  a l . 1978), and t h e  r a t e  o f  
macrophyte removal r e c e n t l y  has been shown t o  decrease w i t h  depth on a wide 
v a r i e t y  o f  undis turbed Caribbean ree fs  (Hay 1984). 
Reef f l a t s  and deep r e e f  slopes u s u a l l y  a r e  character ized by reduced 
topographic complexi ty;  i n  areas where predatory f i shes  are  abundant, these 
more s i m p l i f i e d  h a b i t a t s  may be avoided by herviborous f i shes  because they 
o f f e r  few p laces t o  h ide when at tacked by predators.  
herbivorous f i s h e s  concentrate t h e i r  graz ing i n  areas o f  g rea ter  topographic 
complexi ty (Hay e t  a l .  1983) and, on heav i l y  f i shed  ree fs  where predatory  f i shes  
are r e l a t i v e l y  r F e 7 h e r b i v o r o u s  f i shes  make increased use o f  deeper r e e f  slopes 
(Hay 1984). A l l  o f  these pa t te rns  suggest t h a t  t h e  p r o b a b i l i t y  o f  being preyed 
upon may p l a y  a s i g n i f i c a n t  r o l e  i n  determin ing t h e  s p a t i a l  p a t t e r n  o f  fo rag ing  
by herbivorous f ishes.  
Previous s tud ies  have suggested that  t h e  evo lu t i on  o f  herb ivore  res is tance 
i n  seaweeds invo lves  cos ts  t h a t  r e s u l t  i n  decreased growth ra tes  and decreased 
c a n p e t i t i v e  a b i l i t y  i n  t h e  absence o f  herb ivores (Lubchenco 1980; Lubchenco and 
Gaines 1981; Hay 1981a, c; Hay e t  a l .  1983). 
prov ide a p a r t i a l  t e s t  o f  t h i s  G p X h e s i s ;  i f  c h a r a c t e r i s t i c s  t h a t  promote 
herb ivore res i s tance  mandate c o s t l y  t radeo f f s ,  then herb ivore res is tance should 
not  evolve i n  species t h a t  occur p r i m a r i l y  i n  h a b i t a t s  sub jec t  t o  low ra tes  o f  
herbivory. 
they a r e  sub jec t  t o  low r a t e s  of herb ivory  ( f i g .  1) and e x h i b i t  l i t t l e  res is tance 
when exposure t o  herb ivores i s  increased ( f i g .  2) .  
Rates o f  Thalass ia removal on deep (30-40 m) r e e f  slopes were s i g n i f i c a n t l y  
h igher  than on r e e f  f l a t s ,  bu t  t h e  magnitude o f  d i f f e r e n c e  was no t  large--17.5% 
versus 9.3% a t  C a r r i e  Bow, and 12.8% versus 1% on Ligvhthouse ( f i g .  1). 
d i f f e rences  i n  herb ivore  res is tance o f  species from these h a b i t a t s  were s t r i k i n g  
( f i g .  2). 
deeper sec t ions  o f  t h e  r e e f  slope, seaweeds fran these deeper areas were very 
r e s i s t a n t  t o  herbivory.  
be r e l a t i v e l y  low i n  bo th  r e e f - f l a t  and d e e p s l o p e  hab i ta ts ,  herb ivore  
res is tance appears t o  have been se lected f o r  on t h e  deep r e e f  slope and se lected 
against  on t h e  shal low r e e f  f l a t .  
one considers r a t e  o f  biomass removal by herb ivores (i.e., t h e  Thalass ia 
bioassay) r e l a t i v e  t o  r a t e  o f  product ion through photosynthesis. Seaweeds i n  
shal low waters may grow many t imes f a s t e r  than seaweeds i n  deeper waters (Hay 
1981a, b). 
r a p i d l y  be rep laced by  photosynthesis s ince  l i g h t  i s  p l e n t i f u l  and turbulence 
p r o h i b i t s  t h e  format ion o f  l a r g e  d i f f u s i o n  grad ien ts  t h a t  would slow n u t r i e n t  
a c q u i s i t i o n  (Doty 1971). Since product ion o f  seaweed biomass i s  very slow on 
deeper r e e f  areas, even smal l  losses t o  herb ivores may exceed gains and thus 
se lec t  f o r  increased herb ivore  resistance. As an example, i f  herb ivores removed 
equ iva len t  amounts o f  p l a n t  ma te r ia l  from deep and shal low s i t e s ,  s e l e c t i v e  
I n  a d d i t i o n  t o  t h e  ree fs  s tud ied  
On shal low r e e f  slopes, 
The data presented i n  f i g u r e  2 
Pat te rns  e x h i b i t e d  by r e e f  f l a t  seaweeds support t h e  hypothesis; 
However, 
Despi te  t h e  low r a t e  o f  removal o f  Thalass ia t h a t  was documented on 
Even though t h e  Thalass ia bioassay shows herb ivory  t o  
This  apparent paradox can be expla ined i f  
The l o w  r a t e  o f  biomass removal t h a t  occurs on r e e f  f l a t s  can 
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pressure f o r  t h e  e v o l u t i o n  o f  grazer de ter ren ts  would be much grea ter  i n  t h e  
deeper hab i ta t s  s ince  losses would be a l a r g e r  p ropor t i on  o f  n e t  growth and 
take longer  t o  replace. Future s tud ies  on s p a t i a l  pa t te rns  i n  herb ivory  should 
at tempt t o  quan t i f y  herb ivore  impact as a p ropor t ion  o f  p l a n t  product ion w i t h i n  
each h a b i t a t  studied. 
Most o f  t h e  r e e f  s lope seaweeds are  known t o  have n a t u r a l l y  occur r ing  
chemical substances tha t  appear t o  serve as defenses against  herb ivory  (Fenica l  
1975, N o r r i s  and Fenica l  1982). Many species i n  t h e  genus Halimeda produce 
d i te rpeno id  t r ia ldehydes (Paul and Fenica l  1983), Rhi oce h m t a i n s  s i m i l a r  
C27 canpounds der ived  from a mixed b iosynt  + e s i s  o f r p e n o i d  and aceta te  
precursors (Getwick and Fen ica l  1981), and L i a  ora produces an unusual acetylene 
conta in ing  l i p i d  (Nor r i s  and Fen ica l  1982). -78- ese compounds are  t o x i c  t o  o r  
de ter  feeding i n  r e e f  f i shes ,  and some even stop c e l l  d i v i s i o n  i n  f e r t i l i z e d  
sea u rch in  eggs o r  m o t i l i t y  i n  sea u rch in  sperm (Nor r i s  and Fen ica l  1982, Paul 
and Fenica l  1983). The po lypheno l ic  compounds produced by Tur  i n a r i a  and 
Sargassum (Nor r i s  and Fen ica l  1982) do not  appear t o  be especia -3-l- y e f f e c t i v e ,  
as evidenced by t h e  feeding da ta  i n  f i g u r e  2. The d i f f e r e n c e  i n  s u s c e p t i b i l i t y  
of Sar assum 01 cerat ium from t h e  deep r e e f  slope a t  C a r r i e  Bow and t h e  r e e f  
compounds o r  fran between-reef d i f f e rences  i n  herbivorous f i shes .  
I n  general, i t  appears t h a t  herb ivores consume a s i g n i f i c a n t  p ropor t i on  o f  
r e e f  s lope product ion and t h a t  t h i s  has resu l ted  i n  s t rong s e l e c t i o n  f o r  
herb ivore  de te r ren ts  i n  seaweeds fran t h i s  hab i ta t .  
escapes f r a n  herbivory,  and seaweeds from these h a b i t a t s  a re  charac ter ized  by 
very 1 i t t l e  res is tance t o  herb ivory.  
compounds ( N o r r i s  and Fenica l  1982), S t  o odium zona +e conta ins  several r e l a t e d  
f l a t  +a t  L i g  t ouse cou r e s u l t  from popu la t ion  d i f f e rences  i n  defens ive 
Reef f l a t s  prov ide p red ic tab le  
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